Pythiosis is a chronic, invasive, and frequently life-threatening infection caused by the oomycete Pythium insidiosum. The disease most commonly involves the skin of horses and dogs and the gastrointestinal (GI) tract of dogs. 6 Pythiosis is rare in cats and, when it does occur, usually causes cutaneous lesions. 6, 20 In addition, isolated cases of subcutaneous 20 and nasopharyngeal/retrobulbar 3 infections have been noted, but GI infections have not been reported previously in cats. This report describes P. insidiosum infection of the GI tract in 2 cats.
Cat No. 1 was a 1.5-year-old castrated male Domestic Shorthair (DSH) from southeastern Georgia that was presented to the referring veterinarian for vomiting of 2 days duration and apparent weight loss. At physical examination, From the Athens Veterinary Diagnostic Laboratory, College of Veterinary Medicine, University of Georgia, Athens, GA 30602-7383 (Rakich), Department of Veterinary Clinical Sciences, Louisiana State University, Baton Rouge, LA 70803 (Grooters) , and Antech Diagnostics, 17672-A Cowan Avenue, Suite 200, Irvine, CA 92614 (Tang). 1 Corresponding Author: Pauline Rakich, Athens Veterinary Diagnostic Laboratory, College of Veterinary Medicine, University of Georgia, Athens, GA 30602-7383. a mass measuring approximately 3 ϫ 4 cm was palpated within the abdomen. Abdominal radiography revealed a mass in the region of the spleen. Hematologic and biochemical abnormalities included leukocytosis (30,000/l) with a left shift (Ͼ3,000 bands/l as determined by an in-clinic complete blood count [CBC] ) and hyperglobulinemia (5.5 g/ dl; reference upper limit, 5.1 g/dl). An extraluminal mass involving the ileum and mesentery and measuring 12 ϫ 8 ϫ 4 cm was found at surgery. An adjacent mesenteric lymph node was enlarged. The mass was resected and intestinal anastomosis performed. Formalin-fixed tissue was submitted for histologic examination with a presumptive diagnosis (based on the gross appearance) of lymphosarcoma.
Histologic examination of multiple sections of the submitted tissue consisted of small intestine with a nodular inflammatory reaction extending from the serosal surface (Fig.  1A) . The mucosa, submucosa, and inner portion of the smooth muscle wall appeared normal. The lesion consisted of dense fibrous connective tissue stroma containing loosely distributed eosinophils, macrophages, and fewer lymphoid cells without formation of distinct granulomas. Variably sized foci of necrosis composed of bright eosinophilic material and nuclear debris were scattered randomly throughout the tissue. In hematoxylin and eosin (HE)-stained sections, occasional linear or spherical nonstaining structures suggestive of hyphae (hyphal ''ghosts'') were visible within some of the necrotic foci (Fig. 1B) . Periodic acid-Schiff (PAS) failed to stain the organisms, but Gomori methenamine silver (GMS)-stained sections ( Fig. 2A) confirmed the presence of low numbers of hyphae within areas of necrosis. Hyphae appeared to be markedly twisted because longitudinal sections were rare and most of the sections were cross sections. Hyphae were slightly irregular in width (cell walls were not completely parallel) and occasionally septate and branching. The organisms measured 2.5-7.5 m in diameter.
On the basis of the histologic appearance of the lesions and hyphae, pythiosis, zygomycosis, and lagenidiosis were considered the primary differential diagnoses. To help differentiate between these infections, immunohistochemistry and immunoblot serology were performed. Immunohistochemical staining was performed as previously described (Grooters et al., 19th Annual ACVIM Forum, Denver, CO, 2001, p. 880) using an avidin-biotin-immunoperoxidase system c with a P. insidiosum-specific polyclonal antibody raised in chickens. Hyphae within areas of necrosis stained positively with the immunoperoxidase technique (Fig. 3A) . For the serology, an immunoblot technique modified from that described in horses 13 and previously used for the evaluation of oomycosis in dogs 8 was used to evaluate serum collected from the cat several days after surgery. Serum from a healthy cat was also evaluated. In brief, serum from each animal was used to probe soluble mycelial antigens extracted from 5-day-old broth cultures of P. insidiosum, Lagenidium sp., 8 Basidiobolus ranarum, and Conidiobolus coronatus that had been electrophoretically separated on a 14% polyacrylamide gel and transferred to a nitrocellulose membrane. Bound feline immunoglobulin G (IgG) was detected with horseradish peroxidase-conjugated rabbit anti-domestic cat IgG a and a chemiluminescent substrate, b with activity observed by radiographic film exposure. Results indicated that serum from cat No. 1 recognized a large number of antigens of P. insidiosum (Fig. 4) , as well as a small number of antigens of the canine pathogenic Lagenidium sp. (considered to be consistent with cross-reactive activity) but did not demonstrate significant reactivity to antigens of either B. ranarum or C. coronatus. Serum from the healthy cat did not demonstrate significant reactivity to any of the antigens tested.
On the basis of histology and serology results, a diagnosis of pythiosis was made, and although resection of the mass had potentially been complete, postoperative medical therapy was recommended to decrease the likelihood of recurrence. Itraconazole (10 mg/kg orally once daily) and terbinafine (7.5 mg/kg orally once daily) were administered for 2 months after surgery. The cat's clinical signs resolved after surgery and did not recur. However, the cat died suddenly 4 months after surgery, and necropsy was not performed. Further questioning of the owners about the cat's environment revealed that the animal had lived in a marshy region and routinely drank from a drainage ditch at the back of the property. A second cat in the household that has remained healthy was observed to drink only from an indoor water bowl.
Cat No. 2 was a 3-year-old castrated male DSH from southeastern Texas with a history of anorexia for 5 days and vomiting for 2 days. At physical examination, a mass was palpated in the cranial abdomen. Abnormalities found on a CBC were neutrophilia (24,560/l), monocytosis (1440/l), and microcytic anemia (Hematocrit 17.8%, mean corpuscular volume 38.6 fl). Abdominal radiographs revealed gas distension of the stomach and duodenum. Exploratory surgery revealed an abscessed mass in the distal duodenum, and resection and anastomosis were performed. Fixed tissue submitted for histologic examination consisted of a cross section of small intestine with a locally extensive area of mucosal fibrosis, villus fusion, and mild lymphoeosinophilic inflammation. The majority of the lesion was located within the mesentery and the adjacent outer longitudinal layer of smooth muscle. It was composed of dense fibrous connective tissue, which was infiltrated primarily by macrophages and eosinophils with fewer lymphoid cells and large areas of necrosis. Organisms were not evident in HE-stained sections. In GMS-stained sections, hyphae were moderately numerous in necrotic foci as well as within the walls of several medium-sized arteries (Fig. 2B ). These hyphae were contorted, had nearly parallel walls, measured 2.5-7.5 m in diameter, and were occasionally branching and rarely septate.
Histologic findings were initially believed to be consistent with zygomycosis, but immunohistochemistry ( Fig. 3B) and immunoblot serology performed as described for cat No. 1 supported a diagnosis of pythiosis. The cat clinically returned to normal shortly after surgery and was treated with itraconazole, 10 mg/kg orally once daily, for 2 months postoperatively. Five months after surgery, an enzyme-linked immunosorbent assay (ELISA) was used to quantitate anti-P. insidiosum antibodies in the cat's serum. The ELISA was performed as described previously 9 with an anti-cat secondary antibody. The results, which are expressed as percent positivity of a strong positive control serum, were 104.8% for the serum sample obtained shortly after surgery and 7.1% for the serum sample obtained 5 months after surgery. Results for serum from a healthy cat analyzed on the same plate were 6.1%. Cat No. 2 was clinically normal for 9 months after surgery and was then lost to follow-up.
Pythium species (pseudofungi in the class Oomycetes, Kingdom Stramenopila) occur worldwide in soil and aquatic habitats, and many are of significant economic importance as plant pathogens. However, P. insidiosum is the only species in the genus Pythium that has been identified as a mammalian pathogen to date. 6 Pythiosis is most commonly encountered in tropical and subtropical climates; however, infections in animals from temperate areas have also been reported. 5, 10, 16, 18, 19 The infective stage of P. insidiosum is believed to be the aquatic motile biflagellate zoospore, which is attracted to damaged tissue and likely causes infection by encysting in damaged skin or GI mucosa. 11 Gastrointestinal pythiosis occurs most commonly in dogs but also has been reported as a rare finding in horses. 2, 16, 19 In dogs, GI pythiosis frequently involves the stomach and proximal small bowel but can occur at other sites of the intestine as well as in the esophagus. 14, 18 Lesions are typically characterized by severe transmural thickening of a 5-25 cm segment of GI tract that often results in partial ob- struction. The root of the mesentery may be involved with resultant formation of a large firm mass incorporating numerous lymphatic and blood vessels. Mesenteric lymphadenopathy is common, but lymph nodes are often enlarged because of reactive hyperplasia rather than infection. Because of the extensive nature of the lesions often encountered at the time of diagnosis, complete surgical excision is usually not possible. Consequently, the prognosis for infected dogs is poor. 5, 10, 14 Tissue reaction associated with pythiosis is characteristically eosinophilic and granulomatous with prominent fibrosis. Necrosis is a common feature, and necrotic foci often comprise the centers of granulomas. The central core of eosinophilic necrotic debris is surrounded by degenerating eosinophils, neutrophils, epithelioid macrophages, and fewer multinucleate giant cells, forming granulomas that are distributed within a dense collagenous stroma containing many eosinophils. In canine GI infections, inflammation is usually concentrated in the submucosa and inner smooth muscle wall. 14 The overlying mucosa is frequently ulcerated and atrophic with fusion of villi. Occasionally, lesions may extend to the serosa and involve the mesentery, omentum, or adjacent tissues such as pancreas and uterus. 14 Invasion of arterial walls was a prominent feature in the lesion from cat No. 2. Angioinvasion has been noted in some dogs 10 but not in other dogs 5, 18 or horses 2, 16, 19 with GI pythiosis. The presence of vascular invasion would suggest the possibility of more extensive dissemination of infection; however, this cat has appeared to be disease free after surgical excison of the lesion.
Pythium insidiosum organisms typically do not stain with HE and appear within necrotic areas and granulomas as clear round or oval to elongate structures delineated by a narrow rim of eosinophilic material. 6, 16 Hyphae stain poorly if at all with PAS but can be observed with GMS. They are infrequently septate, branching hyphae that measure from 2.5 to 8.9 m in diameter with thick walls in comparison to the septa and with almost parallel sides. 2, 5, 10, 14, 16, 19 Because organisms may be present in low numbers (as was the case in cat No. 1) or unevenly distributed in tissue sections, multiple GMS-stained sections may be necessary to identify hyphae.
Although there are many similarities between the lesions in the cats described in this study and those previously associated with GI pythiosis in dogs, some important differences should be noted. First, the intestinal lesions in both cats were fairly focal and could be completely resected with a favorable clinical outcome, at least in the short term. Although the cause of death of cat No. 1 is not known, the fact that its clinical signs resolved after surgery and did not recur suggests that resection of the intestinal lesion may have been curative. An enlarged mesenteric lymph node was identified in cat No. 1 but was not biopsied to determine whether the enlargement was because of infection or reactive hyperplasia. In cat No. 2, the surgical resection appears to have been curative on the basis of long-term resolution of clinical signs and a decrease in anti-P. insidiosum antibody levels. These findings may indicate that, as has been suggested previously in cats with subcutaneous pythiosis, 20 the clinical course associated with pythiosis in cats may be more indolent than in dogs.
A second difference noted between the feline and the canine lesions was that the lesions in both cats centered on the outer aspect of the intestinal wall and the adjacent mesentery, with minimal inflammatory changes in the mucosa, submucosa, and inner portion of the smooth muscle wall. This is in contrast to dogs, in which the inflammation is generally centered on the submucosa and muscularis mucosae. This incongruity raises some interesting questions about the potential route of infection in these cats. Although it is assumed that GI pythiosis occurs when an animal drinks water containing infective zoospores, specific clinical or laboratory evidence to support this assumption is lacking. Similar to many infected dogs, 5, 10, 18 cat No. 1 had a history of frequent exposure to a warm freshwater environment (a drainage ditch), which may have contained zoospores. However, the serosally focused distribution of the intestinal lesions in both cats and the lack of pathology in the mucosal and submucosal layers in multiple sections examined from cat No. 1 suggest that the pathogenesis of intestinal infection in cats may be different from infection in dogs.
In addition to pythiosis, the primary differential diagnoses that must be considered when lesions characterized by pyogranulomatous eosinophilic inflammation associated with wide, sparsely septate hyphae are encountered are zygomycosis and lagenidiosis. Zygomycosis is caused by true fungi in the class Zygomycetes, which includes the genera Rhizopus, Mucor, Rhizomucor, Absidia, and others in the order Mucorales and Basidiobolus and Conidiobolus in the order Entomophthorales. Lagenidiosis is a newly described cutaneous and systemic infection of dogs caused by an oomycete in the genus Lagenidium. 8 Because pythiosis, zygomycosis, and lagenidiosis share similar clinical and histologic characteristics, they have been grouped together previously under the now obsolete term ''phycomycosis.'' This designation has been replaced in current literature with the more specific terms ''pythiosis,'' ''lagenidiosis,'' and ''zygomycosis.'' Clinically, distinguishing between these infections is important because of differences in epidemiology, choice and duration of therapy, and prognosis. Although infections caused by the Mucorales have not been well documented in small animal patients, both Basidiobolus and Conidiobolus infections have been described in dogs. Of these, only Basidiobolus has been reported to affect the GI tract. 14, 15 Culture-confirmed cases of zygomycosis and lagenidiosis have not been described previously in cats. However, 2 previous reports include feline cases in which GI lesions may have been caused by zygomycosis or pythiosis. In most of these cases, the organisms were not cultured, but they were not likely to be P. insidiosum because the hyphae stained readily with both HE and PAS. In 1 report, 1 2 cats with phycomycosis involving the GI tract were included in a retrospective study. One of these cats had lesions confined to the small intestine, whereas the other had disseminated disease involving all visceral organs as well as the central nervous system. Although the first case shares some similarities to the cats described in this report, the dissemination in the second case is more similar to previous descriptions of disseminated zygomycosis in dogs. 15 In another retrospective report, 11 feline cases of suspected mucormycosis were reported in a necropsy study from Switzerland, but the diagnosis was based on histologic findings alone, and there was no attempt to differentiate the pathogens involved from oomycetes or from members of the order Entomophthorales. 17 Lesions in most of these cats involved either the GI tract or the lungs.
Differentiation between pythiosis, lagenidiosis, and zygomycosis on the basis of routine histologic examination is not usually possible because differences in their histologic characteristics are subtle. However, histologic findings may provide the pathologist with an index of suspicion toward 1 infection over the others. The organisms of mucormycosis are reported to stain equally well with HE, PAS, and GMS; so differentiation of mucormycosis from pythiosis can sometimes be made on the basis of hyphal staining characteristics. 4 In contrast, fungi of the order Entomophthorales are more difficult to differentiate from P. insidiosum in tissue sections. Although the hyphae of C. coronatus and B. ranarum tend to be broader, measuring 5-20 m in diameter, the range overlaps with that of P. insidiosum (2-9 m in diameter), making differentiation between pythiosis and zygomycosis problematic. 4 Besides differences in hyphal diameter, additional distinguishing features of the Entomophthorales in tissue include a thinner cell wall, more frequent septations, nonparallel walls, and a very prominent eosinophilic cuff that is more consistently present and thicker (10-30 m) than that typically seen around the hyphae of P. insidiosum (0.5-2 m thick). 14, 15 The definitive diagnosis of P. insidiosum infection is best made by culture followed by identification of the pathogen on the basis of its morphologic features, including the production of motile, reniform, biflagellate zoospores. Because these features alone do not differentiate P. insidiosum from similar oomycetes such as Lagenidium spp., molecular confirmation of the identity of cultured isolates should be performed whenever possible. Unfortunately, because the lesions associated with pythiosis are often assumed to be neoplastic, tissue is frequently fixed entirely and specimens are not collected for culture. Tools that can be used to support the diagnosis of pythiosis when culture is not possible or has been unsuccessful include serology, immunohistochemistry, and polymerase chain reaction (PCR)-based assays. Both immunoblot analysis and ELISA techniques designed to measure anti-P. insidiosum antibodies in serum have been used successfully to support the diagnosis of pythiosis in canine, equine, and feline patients. 9, 12, 13 In addition, the ELISA appears to be a useful technique for monitoring response to surgical or medical therapy, 6 as demonstrated in cat No. 2. Immunohistochemical staining has the advantage of being applicable to paraffinembedded tissues, but accurate identification is dependent on the specificity of the antibody. Although the antibody used for immunohistochemistry in the patients described in this report was adsorbed until adequate specificity was obtained, other polyclonal antibodies previously used for P. insidiosum immunohistochemistry have demonstrated questionable specificity. 8 Most recently, a PCR-based assay has been developed for the specific identification of P. insidiosum. 7 This assay has been successfully applied to DNA extracted from cultured isolates, frozen-tissue samples, and paraffin-embedded tissues. 7, 21 In the experience of one of the authors (AMG), application of this assay to DNA extracted from paraffin-embedded tissue sections has only been successful when the lesions contain high numbers of hyphae. For this reason, the technique was not attempted in the cases described in this study.
The treatment of choice for GI pythiosis is aggressive surgical resection of infected tissues with 3-4-cm margins if possible. When used alone, medical therapy for pythiosis is typically unrewarding. This is likely because of the fact that ergosterol, which is the target for most antifungal drugs, is generally lacking in the oomycete cell membrane. Anecdotal reports of a small number of dogs with GI pythiosis suggest that the combination of itraconazole and terbinafine may be effective for resolution of incompletely resected or nonresectable lesions. 6 
